INTRODUCTION
Previous studies have indicated that single-stranded DNA (SDNA)1 is a potential immunogen for antibodies reactive with polynucleotides in various diseases (1, 2) . The high incidence of anti-SDNA antibodies, especially in certain diseases with active tissue destruction (1) , suggests that SDNA antigen may be frequently released into the circulation. Anti-SDNA antibody has been observed to occur with greatest frequency in patients with systemic lupus erythematosus (SLE). A question of major interest is whether these antibodies play a role in the pathogenesis of tissue lesions by combining with SDNA This work was supported by U. S. Public Health Service Grants AM 13721 and AM 04761.
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and forming immune complexes. Studies of glomerular eluates obtained from SLE kidneys indicate that anti-SDNA antibodies are selectively concentrated *in the glomeruli of these kidneys (3) , and immunofluorescence studies have demonstrated that SDNA antigen is deposited in glomerular lesions of SLE kidneys in association with gamma globulin and complement deposits (4) .
The present investigation was undertaken to assess the occurrence of SDNA antigen in sera of patients with SLE and other diseases. The relationship between the appearance of SDNA antigen and antibody during the course of the disease was studied. Direct evidence for the presence of circulating immune complexes was also sought by assaying for the presence of both antigen and antibody in the same serum specimens. The evidence obtained from these studies indicates that serological aspects of the SDNA-anti-SDNA system have similarities to those of the native DNA (NDNA)-anti-NDNA system. Anti-NDNA antibodies which also are found in high incidence in patients with clinically active SLE (1, 2) have been demonstrated to alternate with DNA antigen in serum (5, 6) , and most probably participate in the formation of antigen-antibody complexes. Considerable evidence has been accumulated indicating that immune complexes comprised of SDNA antigen and antibody are also formed during the periods when patients with SLE have disease activity or progressive renal lesions.
with SLE and from 10 patients with rheumatoid arthritis were assayed. The serial studies were comprised of 470 sera from SLE patients and 192 sera from rheumatoid arthritis patients.
Polynucleotides employed for immunological tests. Native calf thymus' DNA was obtained from Worthington Biochemical Corp., Freehold, N. J.; poly A, from Miles Laboratories, Inc., Kankakee, Ill.; and poly dA, dT, dG, and dC, from Biopolymers, Inc., Chagrin Falls, Ohio. Denatured DNA was prepared by heating native DNA at 100'C for 10 min and transferring directly to an ice bath.
Three sera were used for the routine assay of SDNA in serum: rabbit antisera prepared to adenosine (anti-A) and to thymidine bovine serum albumin (anti-T) (7) , and an SLE serum (Esp). In addition, selected sera were tested for SDNA with a rabbit antiserum prepared to SDNA complexed to methylated bovine serum albumin (8) . The latter sera showed a sensitivity similar to that of Esp serum for detecting antigen. They showed no reactivity with native DNA when tested by direct hemagglutination or agar gel diffusion. An SLE serum containing antibodies reactive with NDNA (Ann) was also used in the hemagglutination inhibition test for determination of DNA.
The specificities and relative sensitivities of the antisera were determined by a hemagglutination inhibition test using a constant end-point dilution of antiserum and serial dilutions of antigen (Table I ). The rabbit anti-A and anti-T sera showed restricted specificity for homologous polynucleotides, whereas the SLE serum showed reactivity with most polynucleotides tested, indicating a considerably greater heterogeneity of antibody directed against determinants of SDNA. The rabbit anti-SDNA serum showed more restricted specificity, reacting with both dG and dC.
Assay of sera for the presence of total DNA or SDNA was carried out by a hemagglutination inhibition test as previously described (2) . A constant end-point dilution of an antiserum reactive with SDNA was used with serial dilutions of sera to be tested for SDNA. The maximal inhibition by anti-A, anti-T, or Esp serum of hemagglutination of red blood cells coated with SDNA was compared with the inhibitory activity of a known concentration of SDNA, and the approximate concentration was calculated. The antiserum with the greatest sensitivity (Esp) was capable of detecting 0.4 ,g of SDNA in serum. The true incidence of NDNA antigen could not be directly ascertained by hemagglutination inhibition, inasmuch as insufficient amounts of sera with unique specificity for NDNA were available. Human serum (Ann) was therefore utilized to determine "total" DNA, and sera reactive with Ann but inactive with anti-T, anti-A and Esp were considered to have NDNA. Enzyme treatment. Deoxyribonuclease and ribonuclease treatment of sera were performed as previously described (2) . Diphenylamine determinations for DNA were performed as previously described (5) . (Table  II) . Approximately one-half of SLE and rheumatoid arthritis sera negative for anti-SDNA antibody contained circulating SDNA antigen. A somewhat lower incidence of sera positive for SDNA antigen occurred in groups of diseases in which antibody was not detectable. SDNA appeared infrequently in normal sera. Sera from individual patients with SLE and rheumatoid arthritis manifested the highest levels of SDNA antigen. In contrast, all other groups of sera contained SDNA antigen in the range of 5-10 ig/ml. DNA antigen in sera from serial studies of SLE patients. Sera from a group of 18 patients with SLE were studied for periods of 6-51 mo for the presence of anti-SDNA antibody and SDNA antigen (Table III) in the serial studies was 53.0 isg/ml, more than twice that observed in the random SLE sera (Table IV) . Five serial studies are cited below which illustrate the main types of data derived from these studies with respect to SDNA antigen. The majority of patients showed levels of SDNA antigen alternating with anti-SDNA antibody (Fig. 1) . One patient (Sil) showed high levels of antigen ranging from 100 to 250 gg/ml. In certain patients, antigen in serum persisted for long periods of time and was associated with the presence of renal disease. Patient Rus manifested a period of antigenemia associated with proteinuria followed by a quiescent period. A second episode of proteinuria was associated with high titers of anti-SDNA and anti-NDNA antibody and no detectable DNA antigen (Fig. 2) . In contrast, certain patients demonstrated anti-SDNA antibody with only occasional sera containing detectable SDNA antigen. 7 of 23 sera obtained from a patient with active renal disease (Pea) contained antigen, whereas most sera Serial studies of sera from rheumatoid arthritis patients also showed a widely varying frequency of occurrence of SDNA antigen and antibody. 4 of the 10 studies had only one serum positive for SDNA (Table  V) . The levels of antigen observed in these were considerably lower than in the SLE serial studies, and the mean concentration of SDNA was 13.6 iug/ml (Table  IV) .
RESULTS

Incidence of SDNA antigen in various diseases
Agar gel diffusion. Sera containing demonstrable SDNA by hemagglutination inhibition were tested by agar gel diffusion. Sera with higher concentrations of SDNA gave clear precipitin reactions with rabbit anti-A or anti-T sera. The precipitin reactions between the rabbit antisera and the SLE sera showed lines of identity when in vitro prepared SDNA was placed in a well adjacent to the SLE sera. Sera with lower concentrations of SDNA, i.e. less than 15 jg/ml, gave weak precipitin lines with rabbit antisera or were unreactive in agar gel. An SLE serum (Rus) containing 125 /ig/ml of SDNA as determined by hemagglutination inhibition, is shown in Fig. 5 DISCUSSION Single-stranded DNA antigen has been found in the sera of patients with several diseases. The highest levels of antigen were found in patients with SLE, especially when sera were assayed throughout the course of the disease in individual patients. Sera obtained from patients with rheumatoid arthritis had moderately elevated levels of SDNA, whereas all other patients had low levels of this antigen. The incidence of antigen detection was highest in SLE and rheumatoid arthritis patients, although a significant number of sera from patients with other diseases contained small amounts of SDNA. These results support the hypothesis that SDNA is immunogenic in patients with SLE and rheumatoid arthritis, in which a high incidence of anti-SDNA antibodies has been observed (1, 2) . In contrast, anti-SDNA antibodies occur in low incidence in those groups of patients in which lesser amounts of SDNA were detectable.
The circulating SDNA antigen in SLE appears to have special significance in relation to the pathogenesis of the disease. The presence of antigen alternates with the appearance of anti-SDNA antibody in a fashion similar to that demonstrated for the NDNA-anti-NDNA The association of rises in the titers of anti-SDNA antibody with serum complement depression and clinical activity is less frequent than that observed for anti-NDNA antibodies. These antibodies, however, frequently rise in parallel with anti-NDNA during clinically active phases of the disease. SDNA antigen was usually found to appear in groups of sera obtained from circumscribed periods during the course of the disease. In certain patients, a more prolonged period of persistence of SDNA antigen was observed extending over periods of 4-6 mo. In several patients, e.g., Rus, clinical exacerbations were associated with the appearance of SDNA antigen, and progressive renal disease occurred in patients with persistently large amounts of circulating SDNA antigen. Recent studies of glomerular eluates indicate that SDNA-anti-SDNA immune complexes are deposited in renal tissues, and are the subject of a separate report. Therefore, evidence from both serological and tissue studies suggests that these complexes play a pathogenic role in the renal disease associated with SLE.
Agar gel diffusion studies indicate that anti-NDNA-SDNA complexes are also present in the sera of SLE patients. In one serum (Rus), in which SDNA antigen was found, precipitating anti-NDNA antibodies were noted. Previous studies have shown that these antibodies were more reactive with SDNA, indicating that native sites on the SDNA molecules were saturated with antibody. It appears that three types of complexes may be formed in SLE sera: SDNA-anti-NDNA, SDNA-anti-SDNA, and NDNA-anti-NDNA. The relative cytotoxicity of each of these types of complexes has not been ascertained, although all three types appear to be formed in SLE sera.
The demonstration of SDNA in human serum raises several questions concerning the nature and source of the material. First, the demonstrated antigenic determinants appear to be present on predominantly single-stranded DNA and not present on cross-reacting single-stranded or double-stranded RNA. The susceptibility of the material to DNase treatment and the failure of RNase to decrease the inhibitory titer, the presence of thymidine identified with specific rabbit anti-sera, and the lines of identity with SDNA in agar gel diffusion indicate that SDNA is present in serum. Chemical assays with diphenylamine also are indicative of the presence of DNA, although these do not differentiate native from singlestranded DNA. The failure of DNase to completely destroy the inhibitory activity of the material was paralleled by the inability of the enzyme to completely remove the inhibitory activities of both native and single-stranded DNA added in vitro to normal sera. The breakdown products of DNA after DNase appear to retain some reactivity with antibody, although to a significantly lesser degree.
The presence of large quantities of SDNA in the sera of several patients suggests that the antigen was mainly of host origin. Studies are in progress to determine if the DNA found in these sera is more closely homologous to mammalian rather than viral DNA. The present studies indicate that the NDNA is not denatured in vitro. Several sera refrigerated at 4VC for periods of months retained the reactivity of NDNA with no evidence of SDNA formation. Previous investigations of NDNA in sera indicated that this material was relatively stable in serum and that the small amount of serum deoxyribonuclease was ineffective in causing the breakdown of DNA in serum. These studies, however, do not exclude the possibility that at least part of the SDNA is of exogenous origin, nor do they indicate whether SDNA is released directly from areas of tissue injury or formed in vivo from NDNA. Further immunofluorescence studies will be required to determine if DNA released at sites of tissue injury, such as skin (9) , is composed of NDNA or SDNA. The influence of steroid therapy on the release of NDNA into the circulation has been cited (10) . In the present study, no direct correlation between steroid treatment and the appearance of large amounts of SDNA in the circulation was observed.
DNA-"like" material has previously been found in cryoglobulins isolated from the sera of patients with mixed cryoglobulinemia (11) . This material was not susceptible to DNase treatment at neutral pH, although precipitin reactivity was eliminated by treatment with DNase at acid pH. Reactions of partial identity were observed with SDNA. Cryoproteins obtained from rheumatoid as well as nonrheumatoid synovial fluid have been shown to contain DNA (11, 12) . No association between the presence of DNA and anti-NDNA or anti-SDNA antibody in the cryoproteins has been demonstrated. The pathogenetic significance of DNA in cryoproteins remains to be clarified by further study. In the present investigation, SDNA was also found in sera of patients with rheumatoid arthritis. Although these patients, similar to patients with SLE, have a high incidence of anti-SDNA antibodies, SDNA was present in lesser amounts in sera of serial studies of rheumatoid arthritis. In certain SLE patients, levels of 125-250 ug/ml of SDNA were observed, whereas the highest levels of SDNA in rheumatoid arthritis sera were 30-62 Ag/ml. The allternating appearance of antigen and antibody, which was frequently evident in SLE patients, was infrequent in patients with rheumatoid arthritis. The role of the SDNA-anti-SDNA system in rheumatoid joint fluids remains to be explored, but humoral SDNA-anti-SDNA complexes do not appear to exert any pathogenic effect on renal glomeruli or blood vessels in patients with rheumatoid arthritis.
The results of this study, therefore, indicate that circulating SDNA occurs at higher levels in patients with SLE than with other diseases, in contradistinction to to NDNA, which has been found at high levels in patients with other diseases (13) . The accumulated evidence indicates that it participates in the formation of immune complexes and may be an immunogen for SDNA antibody. Its role in rheumatoid arthritis is less clear, although it is a likely immunogen in these patients as well, whereas the presence of small amounts of SDNA antigen in other diseases such as leukemia is probably a reflection of nonspecific tissue breakdown.
